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(57) Abstract 



The invention refers to liposomal formulations containing vidarabine, vidarabine monophosphate or another vidarabine derivative as 
pharmacological active substance, for clinical use, comprising drug/lipid ratios of at least 5 mmol/mmol, lipidic compositions made by 
mixtures of phospholipids of saturated or unsaturated acyl chains, with, optionally, cholesterol and charged molecules (of lipidic nature 
or not), the size of liposomes ranging from 0.01 mm to 5 mm and encapsulation efficiencies typically up to 100 %. The vidarabine 
(or derivative) liposomal formulations are highly stable either in lyophilized state or upon reconstitution. The vidarabine (or derivative) 
liposomal formulations are nontoxic and nonimmunogenic when administered to animals and increase the residence time of drug in 
bloodstream, increase the drug delivery and accumulation at the liver (either in hepatocytes or in Kupffer cells) and spleen and increase the 
therapeutic index of the antiviral agent The invention also refers to a process for the preparation of liposomal formulations comprising 
forming multilamellar liposomes containing vidarabine (or derivative) and subjecting the liposomes to lyophilization, controlled rehydration 
and, optionally, extrusion under pressure. After preparation, formulations are again subjected to lyophilization in presence of a cryoprotectant 
and stored under vacuum at 4 °C. 
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DESCRIPTION 



LIPOSOMAL FORMULATIONS CONTAINING VIDARABINE OR ITS DERIVATIVES 



Background of the invention 

This invention relates to the preparation of liposomal formulations containing 
vidarabine and/or a vidarabine derivative, such as vidarabine monophosphate (ARA- 
AMP), and mixtures of glycerophospholipids of saturated and unsaturated acyl chains 
with cholesterol (CHOL) and charged molecules, lipidic or not (eg" 
phosphatidylinositol (PI), phosphatidylglycerol (PG), stearylamine (SA), phosphatidic 
acid (PA)). 

Liposomes are biocompatible and biodegradable microvesicular systems 
(Gregoriadis and Florence 1993), consisting on one or several phospholipid bilayers 
surrounding discrete aqueous compartments. These vesicles are able to incorporate 
all kinds of substances, such as drugs. Depending on its polarity, a compound is 
entrapped in a liposome either within the internal aqueous compartments or in the 
hydrophobic regions of the lipid bilayer. Liposomes can be prepared as sterile or 
pyrogen-free suspensions in submicron diameters to enable them to be injected 
intravenously. Because of their structural versatility in terms of size, lipid composition, 
surface charge, bilayer fluidity and ability to incorporate any drug regardless of 
solubility, or to carry ligands on their surface, liposomes have the potential to be 
tailored, in a variety of ways, to modulate their pharmacokinetic characteristics and to 
ensure the production of formulations that are optimal for clinical use. 

Vidarabine (9-p-D-arabinofuranosyladenine, adenine arabinoside, ARA- 
-A) and its more water-soluble derivative vidarabine monophosphate (9-0-D- 
-arabinofuranosyladenine monophosphate, ARA-AMP) are purine nucleosides that 
inhibit DNA polymerase in viruses and to a lesser extent in mammals. These agents 
have been shown to have in vitro antiviral activity against a large number of DNA 
viruses, such as Herpes simplex types I and II, Varicella-zoster, Epstein-Barr, 
Cytomegalovirus. Vaccinia and Hepatitis B virus (HBV) (Shannon 1975). The clinical 
usefulness of ARA-A is limited by its poor aqueous solubility (Schabel 1968), which 
results in having to be administered by intravenous infusion in large volumes of fluid. 

SUBSTITUTE SHEET 



WO 95/15762 



PCT/PT94/00013 



2 

On the contrary, ARA-AMP is water-soluble (LePage et al. 1972) and can be 
administered intravenously or intramuscularly in a small volume of injection fluid. 

Persistent HBV infections are widely spread over the world, but unevenly 
distributed, with prevalence rates from 10-20% in coastal regions of China, in 
Southeast Asia and sub-Saharan Africa, to less than 0.5% in Northwest Europe, North 
America and Australia. It has been recently estimated that worldwide there are nearly 
300 million actively infective carriers of HBV markers (Ayoola et al. 1988; Gerin 1992). 
This infection is the main cause of chronic liver disease and constitute a major cause 
of morbidity and mortality all around the world. Thus, although the infection can be 
prevented by vaccination, there is a need to develop effective forms of antiviral therapy 
for existing carriers, to reduce the squelae, which include chronic active hepatitis, 
cirrhosis and hepatocellular carcinoma (Tiollais et al. 1990; Lunel-Fabiani 1991; 
Marcellin 1991). 

ARA-A and ARA-AMP are two of the few drugs with proven efficiency in the 
treatment of human chronic type B hepatitis. Several investigators have used either 
ARA-A or ARA-AMP by themselves (Weller 1986; Trepo et al. 1986; Guardia et al. 
1986; Thomas 1988; Marcellin et al. 1989) or in combination with other therapeutic 
modalities (Scullard et al. 1981; Smith et al. 1982; Yokosuka et al. 1985; Guillevin et 
al. 1993) to treat patients with chronic hepatitis due to HBV. Both of these drugs 
displayed a constant effect in blocking virus growth, promoting a consistent decrease 
of the replication viral markers during treatment and reducing, in a dose dependent 
fashion, the serum levels of virus DNA-polymerase. Although ARA-A and ARA-AMP 
have constantly been shown to display an improvement in liver function and histology 
and a loss of infectivity in a significant proportion of patients, their use have produced 
conflicting results in terms of seroconversion rates and long-term efficacy. In fact, the 
therapeutic application of vidarabine is severely restricted by its toxicity. The 
cumulative dose-dependent side effects, which have been observed with therapeutic 
levels of ARA-A and ARA-AMP, include mainly neurological disturbances, such as the 
neuromuscular pain syndrome, and haematological and gastrointestinal disturbances 
(Sacks et al. 1982: Whitley et al. 1980-a and 1980-b; Kanterewicz et al. 1990; Lok 
1990). These problems constitute a major drawback, necessitating discontinuation of 
treatment and hindering the progress of clinical studies. 

With the aim of increasing the chemotherapeutic index of vidarabine, Fiume et al. 
(1980) coupled either ARA-A or ARA-AMP to asialofetuin, a galactosyl terminating 
neoglycoprotein that selectively penetrates" into hepatocytes by receptor-mediated 
endocytosis. A major drawback in the clinical use of these conjugates was their 
immunogenicity, which was overcome by using lactosaminated homologous albumin 
as hepatotropic carrier of ARA-AMP (Fiume et al. 1981, 1982-a, 1985, 1986-a, 1987, 
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1988-a, 1988-b). After injection of this conjugate in infected mice (Fiume et al. 1981, 
1982-b, 1986-a) and woodchucks (Ponzetto et al. 1991), synthesis of viral DNA was 
inhibited at lower concentrations than the uncoupled drug. In a preliminary clinical 
study, the conjugate administered for 3 days to patients with chronic HBV infection, 
inhibited virus replication (Fiume et al. 1988-c). This strategy may reduce the dose- 
related side effects. However, the carrier is not generally available and, to be injected 
in humans, must be obtained from the human plasma, what presents an additional 
potential problem. Moreover, it has been observed that high doses of conjugate 
produced vacuoles in cytoplasm of histiocytes, hepatocytes and kidney tubule cells of 
Cynomolgus monkeys (Renoldi et al. 1990) and in hepatic cells of rats and mice 
(Fiume et al. 1992). In Cynomolgus monkeys the conjugate has also displayed 
neuromuscular signs of toxicity (Renoldi et al 1990). Another system developed by 
Fiume et al. (1986-b) was based in a different carrier constituted by galactosylated 
poly(L-lysine). Although possesses some advantages over lactosaminated human 
serum albumin, this system is rather toxic, thus precluding the possibility of its clinical 
use. With an identical objective, of increasing the therapeutic index of vidarabine, 
Guise et al. (1990) loaded nanoparticles of polyisohexylcyanoacrylate with ARA-A, but 
the agent lost its antiviral activity, due to a chemical interaction with the cyanoacrylic 
monomer, during the polymerization process. 

The use of liposomes as drug carriers can promote the concentration of a drug in 
particular tissues, prolongs drug levels in serum or in tissues, reduces toxicity, and/or 
enhances the efficacy of the encapsulated drug (Hwang 1987, Soulier 1988, Lopez- 
Berestein et al. 1989, Perez-Soler 1989, Szoka 1990, Gregoriadis and Florence 1993). 
Furthermore, the preferential uptake of liposomes by liver cells (Scherphof et al. 1983, 
Poste et al. 1984). opens some important therapeutic perspectives in the particular 
case of viral hepatitis. Thus, entrapment of vidarabine in liposomes, by altering 
biodistribution, may constitute a convenient approach to improve its therapeutic index, 
promoting an enhancement of drug delivery at the infected sites and avoiding the 
tissues where the drug produces toxic effects. Moreover, liposomes may protect 
vidarabine in bloodstream from its rapid deamination by adenosine deaminase, which 
transforms the drug into 9-p-D-arabinofuranosyl-hypoxantine (ARA-Hx) (Buchanan et 
al. 1980, Whitley et al. 1980-a and 1980-b). This one is several times less active as an 
antiviral agent than ARA-A or ARA-AMP (Gephart and Lerner 1981). Entrapment of 
ARA-A in liposomes have been attempted in the past, but only with limited success as 
the encapsulation efficiencies of the formulations were very low, ranging from 2.2 to 
6.1% (Mayhewetal. 1984). 

Accordingly, what is need in the art is a method for preparing liposomal 
formulations of vidarabine or a vidarabine derivative with high incorporation efficiency 
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and high intraliposomal drug concentration, low relative toxicity to the patient and high 
pharmacological activity against the virus. 



Summary of the invention 

The present invention is addressed to the preparation of stable liposomes with 
efficient incorporation and high levels of intraliposomal vidarabine (or vidarabine 
derivative). When administered to animals these formulations are nontoxic and 
nonimmunogenic, accumulate in a great extension in liver (either in hepatocytes or in 
Kupffer cells) and spleen, prolong the residence time of the drug in bloodstream and 
increase its therapeutic index. 

The process for the preparation of liposomal formulations is characterized by 
forming multilamellar liposomes containing the antiviral and subjecting the liposomes 
to lyophilization, controlled rehydration and, optionally, extrusion under pressure. After 
preparation, formulations are again subjected to lyophililzation and stored under 
vacuum at 4°C. 



Description of the specific embodiments 

The processes of the present invention provide liposomal formulations of 
vidarabine (or vidarabine derivative) with high incorporation efficiency and 
intraliposomal drug concentration, low toxicity and high pharmacological activity. 

The present invention comprises a process of dehydration and controlled 
rehydration, followed by an optional extrusion process through a porous membrane, or 
other liposome sizing procedure, and a second dehydration. This process comprises 
the following main steps: a) multilamellar liposomes (MLV) which contain intra and 
extra-liposomal drug are prepared; b) dehydration by lyophilization of the MLV; c) 
controlled rehydration using isotonic mannitol solution, physiologic saline solution or 
another physiologic osmolarity medium; d) dilution of liposomes before optional 
extrusion using a high dilution volume of isoosmotic medium; e) extrusion using 
starting material which has not been previously separated from extraliposomal drug; f) 
separation of extraliposomal drug; g) lyophilization of the final preparation. 

According to the present invention, to prepare multilamellar liposomes a 
chloroform or chloroform-methanol lipid mixture (ranging from about 50 mM up to 100> 
mM or more) is dried under nitrogen stream. The resulting total lipid concentration 
ranges from about 10 mM up to about 100 mM. Suitable lipids, hydrogenated or hot, 
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for use in the formulations are present individually or in mixtures, in different 
proportions: cholesterol (CHOL), phosphatidylcholine : ! (PC), hydrogenated 
phosphatidylcholine (HPC), distearoylphosphatidylcholine (DSPC), sphingomyelin 
(SM), dioleolylphosphatidylcholine (DOPC), dioleoylphosphatidylglycerol (DOPG), 
phosphatidylglycerol (PG), dimirystoylphosphatidylcholine (DMPC), 
dipalmitoylphosphatidylcholine (DPPC), gangliosides, ceramides, phosphatidylinositol 
(PI), phosphatidic acid (PA), dicetylphosphate (DcP), dimirystoylphosphatidylglycerol 
(DMPG), stearylamine (SA), dipalmitoylphosphatidylglycerol (DPPG) and any similar 
synthetic lipids. The lipid mix is preferably charged. The liposomal preparations are 
typically mixtures of at least two components and more usually three or more: 
glycerophospholipid (e.g. PC, DMPC, DPPC), CHOL (optionally present) and a 
charged molecule (lipidic or not), such as PI, PG, SA, or another charged molecule, 
with each component of the liposomal preparation (when present) in molar ratios of 40- 
70%, 10-50% and 5-25%, respectively. 

Depending on the solubility of the vidarabine derivative used, the drug is 
dissolved together with the lipids-or added to the lipid film in the aqueous hydration 
medium. 

For the encapsulation of a water soluble vidarabine derivative, such as ARA- 
AMP, the components of the lipid mixture are chosen so at least one component (e.g. 
phosphatidylinositol, phosphatidylglycerol, stearylamine) is charged and enlarges the 
aqueous compartments of the liposomes where the water soluble vidarabine derivative 
is located. For ARA-AMP cationic molecules, such as stearylamine, are most 
preferable .once, besides that effect, they are also capable of establishing electrostatic 
interactions with the drug. The positively charged molecule is present in the lipid 
mixture at a concentration of at least 5-25%, preferably at about 17% concentration of 
total lipid components. For example, a preferred combination is 
phosphatidylcholine:cholesterol:stearylamine at 10:5:3, with total lipid concentration 
ranging from 17 to 85 mM or more. The resultant positively charged lipid starting mix 
produces stable liposomes with high ARA-AMP encapsulation efficiencies and 
intraliposomal drug concentrations, while minimizing drug-associated toxicity and 
maximizing antiviral effectiveness. The lipid film is hydrated with an aqueous solution 
of ARA-AMP. The concentration of the drug solution can vary considerably, from as 
low as about 0.06 mg/ml up to as much as 6 mg/ml or more, but more typically 1 mg/ml 
up to 5 mg/ml as described in an example below. The corresponding concentration of 
lipid for hydration ranges up to17 mM to as high as 85 mM or more. It is desirable to 
produce liposomes with high drug/lipid ratio, without exceeding saturation of lipidic 
membrane of liposomes. Going beyond saturation the encapsulation efficiency will be 
reduced without increasing intraliposomal drug. Thus, it is important that the 
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encapsulation efficiency of the process to be as high as possible to produce liposomes 
containing adequate amounts of therapeutic drug, even for small initial amount of drug. 

As noted above, the concentration of vidarabine in the lipid solution or in the 
aqueous solution used to hydrate the lipid film, and thus in the final liposome, can vary 
considerably depending on the particular drug chosen, the components of the lipidic 
mixture, ionic strength, osmolarity, pH, temperature and incorporation method used. 
Vidarabine or derivatives in the resulting antiviral liposomal formulation can be 
contained primarily in the aqueous phase, in the lipid phase, or in the aqueous and 
lipid phases. 

Multilamellar liposomes so formed are then subjected to freezing either in liquid 
nitrogen (-170°C) or in a deep freezer (-70°C) t for at least one hour, followed by 
lyophilization on a freeze dryer (lyophilizer) at 25 mtorr, for at least overnight. The 
resulting powder is rehydrated in two successive steps: first with a sugar solution of 
physiologic osmolarity (e.g. a 300 mM mannitol or glucose solution), at a portion (e.g. 
1/10) of the initial volume, with vigorous vortexing followed by a stabilizing rest of 
period at room temperature of about 30 min.; secondly the volume is brought up to the 
initial volume with physiologic saline solution (154 mM NaCI solution) followed by a 10 
min. stabilizing period at room temperature. The resulting liposome/drug mixture is 
then diluted 5 to 10-fold with physiologic saline solution and, optionally, is sized. 
Finally, the non-sized liposomes and the sized ones are ultracentrifuged twice at 250 
000 xg for 30 min. or once at 370 000 xg for 45 min., respectively. In both cases pellets 
are resuspended in appropriate volumes of 10% sucrose or 10% trehalose solutions. 

Several techniques are available for sizing liposomes to desired size. One sizing 
method is homogenization, which relies on shearing energy to fragment large 
liposomes into smaller ones. In a typical homogenization procedure, multilamellar 
vesicles are recirculated through a standard emulsion homogenizer until selected 
liposome sizes, typically between about 0.1 and 0.5 microns, are observed. Extrusion 
liposome through a small-pore polycarbonate membrane or an asymmetric ceramic 
membrane under pressure is also an effective method for reducing liposome sizes to a 
relatively well-defined size distribution. Typically, the suspension is cycled through the 
membrane one or more times until the desired liposomes size distribution is achieved. 
The liposomes may be extruded through successively smaller-pore membranes (e.g. 
from 1.0 mm down to 0.05 mm, as desired) to achieve a gradual reduction in liposome 
size. In any of the methods the particle size distribution can be monitored by 
conventional dynamic light scattering. 

After the referred steps of hydration of the lipid film, lyophilization, optional 
extrusion and extraliposomal vidarabine separation, liposomal suspension is frozen at 
-170°C or -70°C and lyophilized again in the same conditions referred above. Upon 
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reconstitution with sterile deionized water of the lyophilized powders, stored under 
vacuum at 4°C, non significant changes of the liposome diameters are observed and 
more than 50% (for water soluble derivatives) or at least 90% (for lipophilic 
derivatives) of the initially entrapped drug is in the liposomal form. 

A particularly preferred embodiment of the invention produces ARA- 
-AMP liposomal formulations with high encapsulation efficiency at a low initial 
drug:lipid ratio. In this embodiment the lipid mixture is phosphatidylcholine: 
cholesterol.stearylamine at 10:5:3, with lipid concentration of 17-85 mM. Hydration 
takes place with, e.g., 0.6 to 6.0 mg/ml ARA-AMP, followed by freezing at -170°C or - 
70°C and lyophilization. Rehydration to a final osmolarity of 300 mosm/kg is 
accomplished by the addition of 300 mM mannitol solution in one-tenth the volume of 
the antiviral solution previously used, followed by filling to the final volume with 154 
mM NaCI. Upon dilution in physiologic saline solution and ultracentrifugation as 
described above, the final liposomal/ARA-AMP formulation has a diameter ranging 
0.30 mm to 0.80 mm, but can be smaller and more homogenous if extruded, and 
possessed an encapsulation efficiency of up to 67.5±1 .2%, and a drug/lipid ratio of 19- 
50 g/mol. As with the other preparations described herein the drug is secluded from 
the external medium (in contrast to typical drug-lipid conjugates) and cannot be 
displaced from the liposome by a stronger ligand as might occur in other preparations. 

Vidarabine (or vidarabine derivative) liposomal formulations prepared according 
to the processes of the present invention exhibit encapsulation efficiencies of up to 
100% without any chemical alteration of the entrapped drug. These formulations 
exhibit high stability either in the lyophilized form or upon reconstitution, are nontoxic 
and nonimmunogenic, accumulate preferentially in the liver (either in hepatocytes or in 
Kupffer cells) and spleen and exhibit higher pharmacological activity than the free 
drug. 

The improved therapeutic and pharmacokinetic effects that result are not 
necessarily related to the final amount of drug in the liposome/drug mixture, but the 
fact that the drug is in a liposomal form having the characteristics described herein. 

The high encapsulation efficiencies achieved with low drug/lipid ratios indicate 
that vidarabine (or vidarabine derivative) liposomal formulations of the invention are 
also highly effective as therapeutic agents. In an in vivo animal model of woodchucks 
chronically infected with woodchuck hepatitis virus (WHV) the formulations prepared 
by the present process demonstrated an higher therapeutic activity when compared to 
free drug. This selected animal model is considered by several authors (Summers et 
al. 1978: Ponzetto et al. 1991) an ideal model for research on antiviral agents active 
against HBV. The observed results indicate that the vidarabine (or derivative) 
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liposomal formulations described here increase the therapeutic index of the drug and 
are highly effective agents in the therapeutic of chronic type B hepatitis. 

Vidarabine liposomal formulations of the invention may contain additional 
substances which serve to target the liposome and hence the antiviral drug to a 
particular tissue or cell, such as hepatocyte, as well as increase the half-life of the 
formulation. In these preparations the antiviral drug is incorporated as part of a 
liposome as described herein, alone or in conjuction with a targeting molecule/such as 
galactosyl terminating ligands or monoclonal antibodies, which binds to, e.g., a 
receptor existent at the hepatocyte surface. 

The formulation to be administered will, in any event, contain a quantity of the 
liposome/vidarabine (or derivative) complex sufficient to achieve the desired 
therapeutic effect in the subject being treated. The invention provides pharmaceutical 
formulations for parenteral administration, preferably intravenous, which comprise a 
liposome/vidarabine (or derivative) complex at a physiological osmolarity, suspended 
in an acceptable vehicle as desired, preferably an aqueous vehicle (e.g. 0.9% NaCI or 
10% sucrose solutions). These formulations may be sterilized by conventional, well 
known sterilization techniques, or may be sterile filtered. The formulations may contain 
pharmaceutical^ acceptable auxiliary substances as required to preserve the quality 
or to approximate physiological conditions, such as pH adjusting and buffering agents, 
tonicity adjusting agents, antioxidants, and other adjuvants, for example, sodium 
acetate, sodium lactate, sodium chloride, potassium chloride, calcium chloride, 
glucose, a-tocopherol. Actual methods for preparing parenterally administrate 
formulations will be known or apparent to those skilled in the art and are described in 
more detail in. for example, Remington's Pharmaceutical Sciences, 17 tn ed., Mack 
Publishing Company, Easton, PA (1985). 

Pharmaceutical formulations of the invention may be administered to a warm- 
blooded animal, such as humans, already suffering from a chronic type B hepatitis 
infection, during a sufficient period and in a sufficient amount to terminate or 
significantly inhibit the progression of the infection. Amounts adequate to accomplish 
these effects are defined as "therapeutically effective doses". Amounts effective for 
this use will depend on the severity of the infection and the general state of health of 
the patient being treated. The amounts will generally be less than those typically 
employed with free drug under similar circumstances. The amount of drug 
administered via the liposomal/drug formulations of the invention can also be 
increased above those typically used for free drug, due to the minimization of toxicity 
to the patient and the overall increased therapeutic effectiveness of the preparations 
compared to free drug, as might be necessary in the case of severe, life-threatening 
infections. Determining actual amounts of the liposomal/drug complexes necessary to 
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treat a particular condition as described above will be through standard empirical 
methods well known in the art. 

The following examples of physicochemical and biological analysis made with the 
vidarabine liposomal formulations prepared by the present processes are offered by 
way of illustration, not by way of limitation. 



Examples 

These examples illustrate analysis of vidarabine liposomal formulations prepared 
as described above, where the vidarabine derivative used was ARA-AMP. 



• Encapsulation of vidarabine monophosphate (ARA-AMP) in liposomes 

Table I shows the effect ;. of lipid composition on incorporation of ARA- 
-AMP in liposomes. Formulations were prepared with different lipid compositions in a 
relative lipid concentration of 17mM and an initial drug/lipid molar ratio of 1/10, using 
sterile deionized water as rehydration medium. Encapsulation efficiency (E.E.) means 
the ratio of the final drug/lipid and the initial drug/lipid and is expressed in percentage. 
The percent recovery indicates the percentage of final to initial drug or lipid 
concentration. The presence of cholesterol and of charged lipids appeared to influence 
the encapsulation parameters mentioned above. Cholesterol decreased the ability of 
ARA-AMP encapsulation (Form. 2), which was promoted, on the contrary, by the 
inclusion of charged lipids in liposomes (Forms. 3 to 9). This last effect was dependent 
on the molar fraction of charged lipid present and for negative phospholipids (PI and 
PG) an almost complete saturation of the vesicles was achieved at 10:5:1 molar ratio 
(Fig. 1). Positively charged liposomes, obtained by inclusion of SA, exhibited a much 
higher loading capacity than negative and neutral liposomes. In this case, the 
encapsulation efficiency was strongly dependent on the SA content, increasing with 
the increase of SA molar fraction in the liposomes up to 81.6 ± 7.4 % at the 10:5:3 
(PC:CHOL:SA) molar ratio. A plateau was reached at this ratio, indicating that vesicle 
saturation was achieved (Fig. 1). The 10:5:5 molar ratio did not show a significant 
increase of the ARA-AMP capture efficacy (86.6 ± 6.8 %). In all dispersions were not 
observed any insoluble non-liposomal lipid-drug precipitates. 
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TABLE I 

Effect of lipid composition on encapsulation parameters of ARA-AMP in liposomes 



Formulation 


Lipid 


Di/Li 


Df/Lf 


Rec. (%) 


E.E. 


n° 


(molar ratio) 






Lipid 


ARA-AMP 


(%) 


1 


PC 


37.6 ± 4.5 


19.6 ±2.8 


87.0 ± 6.4 


45.3 ± 3.9 


52.1 ±3.1 


2 


PC:CHOL 
(2:1) 


33.6 ± 3.3 


11.3 ±2.0 


93.6 ±4.5 


31.6 ±4.8 


33.9 ±6.6 


3 


PC:CHOL:PI 
(10:5:1) 


35.2 ± 1.6 


17.5 ±2.2 


92.7 ± 2.5 


45.8 ±3.1 


49.6 ± 4.7 


4 


PC:CHOL:PG 
(10:5:1) 


35.3 ± 2.2 


18.0 ±0.8 


85.7 ±1.9 


44.5 ± 2.3 


51.2 ±2.4 


5 


PC:CHOL:SA 
(10:5:1) 


39.0 ±2.1 


20.8 ± 0.1 


84.6 ± 6.3 


45.0 ± 1.7 


53.4 ± 2.9 


6 


PC:CHOL:PI 
(10:5:3) 


37.1 ±2.5 


19.9 ±1.1 


85.1 ±6.5 


46.1 ±7.5 


54.0 ± 5.7 


7 


PC:CHOL:PG 
(10:5:3) 


34.8 ± 0.4 


21.5 ±1.4 


86.8 ± 5.8 


53.4 ±0.9 


61 .7 ±3.4 


8 


PC:CHOL:SA 
(10:5:3) 


38.4 ± 4.1 


31.5 ±5.8 


84.6 ±2.4 


68.9 ± 5.4 


81.6 ±7.4 


9 


PC:CHOL:SA 


35.5 ± 1.2 


30.9 ± 3.5 


84.7 ±11.7 


73.3 ± 8.0 


86.8 ±6.8 




(10:5:5) 













Values listed represent the mean ± SD of at least three preparations. 

Di/Li: ARA-AMP/lipid initial molar ratio. Df/Lf: ARA-AMP/lipid final molar ratio. 

Rec: recovery. E.E.: encapsulation efficiency. 



To study the effect of the extrusion process on encapsulation parameters of ARA- 
AMP in liposomes, a series of experiments was carried out using liposomes prepared 
as described previously further comprising a step of sizing by extrusion before 
separation of the extraliposomal drug. Rehydration to a final osmolarity of 300 
mosm/kg was accomplished by adding 300 mM mannitol solution in one tenth the 
volume of the ARA-AMP solution used, followed by filling to the initial volume with 154 
mM NaCI solution. Liposomes were extruded through polycarbonate filters of 800 nm 
(VETqqo) or sequentially through filters of 800 nm, 600 nm and 400 nm (VET400). A 
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direct relationship between liposomes size, loading capacity and encapsulation 
efficiency was observed (Table II). 



TABLE II 

Effect of extrusion on the size of liposomes, ARA-AMP loading capacity and 

encapsulation efficiency 



Liposome 
type 



Mean 
diameter 
(Mm) 



Poly 



Df/Lf 
(g/mol) 



Rec. (%) 



Lipid 



ARA-AMP 



E.E. 
(%) 



DRV 



0.59 ±0.18 0.36 ±0.12 19.2 ±3.3 95.3 ±4.0 59.2 ± 3.5 62.0 ±1.2 



VET 800 0.48 ±0.13 0.17 ±0.03 15.9 ±0.5 84.0 ± 2.0 37.3 ± 1.7 44.3 ±1.3 
VET 400 0.30 ±0.07 0.16 ±0.05 13.7 ±2.8 78.6 ±4.8 31.9 ±3.2 40.9 ± 5.7 



Values listed represent the mean ± SD of at least three preparations. 

Di/Li: ARA-AMP/lipid initial molar ratio. Df/Lf: ARA-AMP/lipid final molar ratio. 

DRV: dehydration-rehydration vesicle. VET: vesicle obtained by extrusion. Rec: recovery. 

E.E.: encapsulation efficiency. Poly: polydispersity index (is a measure of the liposome homogeneity and 

ranges from 0.0. for a perfectly homogeneous, to 1.0, for a completely inhomogeneous dispersion). 



• Encapsulation of ARA-AMP versus drug/lipid initial ratio 

Figs. 2 shows the effect of the initial ARA-AMP/lipid molar ratio on final ARA- 
-AMP/lipid molar ratio and encapsulation efficiency in DRV type liposomes, obtained 
with 17 mM of total lipid concentration and rehydrating the lyophilized powder with 300 
mM mannitol solution in the first step and 154 mM NaCI solution in the second, as 
already described. 

Either for DRV type liposomes or for VET type liposomes, prepared in the same 
conditions, the amount of incorporated ARA-AMP was increased when initial drug/lipid 
ratio increased until a plateau was reached. At this point vesicle saturation was 
achieyed and the correspondent initial and final ARA-AMP/lipid molar ratios were 
dependent on the lipid composition and the liposome type (Table III). On the contrary, 
encapsulation efficiency was maximum in all cases for low initial ARA-AMP/lipid molar 
ratios and increasing this ratio the encapsulation efficiency dropped to smaller values, 
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which also depend on the lipid composition and the liposome type (Table III). The 
results obtained show that high loading capacities and encapsulation efficiencies are 
achieved with low drug/lipid molar ratios for these illustrative liposomal formulations 
prepared by the present process, specially for those including stearylamine. 

TABLE III 

Initial and final ARA-AMP/lipid molar ratios and encapsulation efficiency correspondent 

to saturation of the liposomes 



Liposome 


Lipid 


Di/Li 


Df/Lf 


E.E. 


type 


composition 
(molar ratio) 


(g/mol) 


(g/mol) 


(%) 


vet 800 


PC:CHOL:PI 
(10:5:1) 


74 


18 


24 


VET 800 


PC:CHOL:PG 
(10:5:1) 


71 


22 


30 




PC:CHOL:SA 
(10:5:1) 


71 


19 


29 


VET 400 


PC:CHOL:SA 
(10:5:3) 


170 


55 


33 


DRV 


PC:CHOL:SA 
(10:5:3) 


185 


80 


43 



Di/Li: ARA-AMP/lipid initial molar ratio. Df/Lf: ARA-AMP/lipid final molar ratio. 
DRV: dehydration-rehydration vesicle. VETx: vesicle obtained by extrusion through 
polycarbonate filters of "x" nm pore size. Rec: recovery. E.E.: encapsulation efficiency 



• Effect of lipid concentration on ARA-AMP encapsulation 

In order to optimize the incorporation of ARA-AMP in liposomes, the effect of lipid 
concentration on the encapsulation of the drug in DRV and VET composed of 
PC:CHOL:SA (10:5:3) was studied. Rehydration to a final osmolarity of 300 mosm/kg 
was accomplished by adding 300 mM mannitol solution in one tenth the volume of the 
ARA-AMP solution used, followed by filling to the initial volume with 154 mM NaCI 
solution. Encapsulation efficiency can be improved significantly if lipid concentration 
increases to 85 mM (Table IV). 
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TABLE IV 

Effect of lipid concentration on encapsulation efficiency of ARA- 

-AMP in liposomes 3 



Lipid 
concentration 

/mM\ 


Liposome 
type 


Df/Lf 

(g/mol) 


E.E. 
(%) 




VET 400 


24.6 ± 2.6 


36.011.6 


17 










DRV 


36.5 ± 2.1 


52.7 1 0.6 


85 


VET 400 
DRV 


29.0H.1 
50.0 1 0.5 


44.011.7 
67.5 1 0.3 



Values listed represent the mean i SD of at least three preparations. 
EE.: encapsulation efficiency. Df/Lf: ARA-AMP/lipid final molar ratio, 
(a) Lipid composition: PC:CHOL:SA (10:5:3); ARA-AMP/lipid initial molar ratio: 2/10 



• Stability of liposomal vidarabine monophosphate in saline 

The stability in saline of a selected ARA-AMP liposomal formulation was studied 
at 4°C in order to evaluate the behaviour of the vesicles during storage, upon 
reconstitution. Liposomes of VET40O type were prepared with 17 mM of lipid 
concentration with composition PC:CHOL:SA (10:5:3) and the following aspects were 
examined: (1) the ocorrence of changes in vesicle size; (2) retention of entrapped 
contents. 

During a 52 days period of storage at 4°C under nitrogen the liposomal 
formulation did not evidenced significant changes in the mean particle size (Table V). 
After 20 and 42 days 83% and 60%, respectively, of the initially intraliposomal ARA- 
AMP was kept in the encapsulated form (Fig. 3). 



TABLE V 

Stability of liposomal ARA-AMP in saline at 4°C: liposome diameters. 







TIME (days) 






0 


20 


52 


MEAN DIAMETER (urn) 


0.26 ± 0.07 


0.28 ± 0.03 


0.28 ± 0.02 



Values listed represent the mean 1 SD of at least three preparations. 

VET400. Lipid compostion:PC:CHOL:SA (10:5:3). Initial lipid concentration: 17 mM 

ARA-AMP/lipid initial molar ratio: 1/10. 
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• Stability of liposomal vidarabine monophosphate in the lyophilized form 

The stability of a selected ARA-AMP liposomal formulation under storage in the 
lyophilized form at 4°C in the vacuum.was studied. Liposomes (VET400) of 
PC:CHOL:SA (10:5:3) lipid composition were obtained as described previously further 
comprising the step of resuspending the liposomes in 10% sucrose solution. After 
preparation liposome suspensions were lyophilized. Upon reconstitution with sterile 
deionized water physiologic osmolarity was achieved and non significant changes of 
the liposome diameters were observed and more than 60 % of the initially entrapped 
ARA-AMP was in the liposomal form. 

TABLE VI 

Stability of lyophilized ARA-AMP liposomes 3 on storage at 4°C under vacuum 



TIME 
(months) 


Intraliposomai 

ARA-AMP 
Retention (%) 


Mean diameter 
(mm) 


Poly b 


0 


100 


0.32 ± 0.06 


0.14 ±0.04 


0.25 


65 


0.33 ± 0.09 


0.14 ±0.08 


0.5 


NM 


0.32 ±0.11 


0.17 ±0.02 


1 


63 


0.30 + 0.11 


0.17 ±0.02 


1.5 


68 


0.28 ± 0.06 


0.10 ±0.05 


4.5 


63 


0.31 ± 0.05 


0.13 ±0.06 


6 


65 


0.31 +0.07 


0.14 ±0.05 


12 


64 


0.31 +0.08 


0.1 5 ±0.05 


Values listed represent the mean ± SD of at least three preparations. 



(a) Lipid compostion:PC:CHOL:SA (10:5:3); ARA-AMP/lipid initial molar ratio: 1/10. 

(b) Polydispersity index (ranges from 0.0 to 1.0). 
NM: not measured. 



• In vivo toxicity 

Empty liposomes (VET40O) of different lipid composition (PC:CHOL:PI; 
PC:CHOL:PG: PC:CHOL:SA; all in the 10:5:1 molar ratio) were obtained as described 
previously and evaluated concerning to toxicity and immunogenicity. 
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Female Swiss mice, 6-7 weeks old at the beginning of the experiment, were 
injected intraperitonealy with lipid doses of 0.6 mmol/kg of body weight five days a 
week, during four consecutive weeks. In another study, carried out with identical 
animals and formulations, liposomal suspensions were injected four times at 3 weeks 
intervals, being the first injection intraperitoneal and the others intravenous. The 
injected doses were at least 5 times the correspondent lipid amount used in 
therapeutic aplications. 

Animals were observed either during the administration period or two weeks after 
the last injection and their aspect (including eventual lesions in the sites of injection) 
and food and water intake were measured. After this period animals were bleeded and 
a macroscopic evaluation of the general state of the abdominal organs was performed. 
Collected sera before and after the injections were assayed for anti-liposomal 
components IgG, by an microplate ELISA technique, using as antigen either the full 
composition of each formulation or the individual components. Titters were expressed 
as the difference between the log2 of the reciprocal of the antiserum dilution 
(presenting the same absorvance of the 1/200 dilution of the control serum) and the 
log2 of the reciprocal of the 1/200 control serum dilution. 

In both injection protocols animals did not evidenced any signs of toxicity and 
adverse effects, such as anaphylactic shock or dead, were not observed. 1-2 hours 
after liposomal suspension injection animals injected intravenously appeared less 
active compared to untreated animals but the same response was observed in mice 
injected with saline alone. Afterwards injected mice behave completely normally. Only 
the animals subjected to the first protocol of injections (intraperitoneal) exhibited some 
granuloms in the abdomen in the sites of injections. These lesions appeared 
simultaneously (during the thirth week) in the animals injected with the different 
liposomal suspensions and during the fourth week in mice injected with saline alone. 
After the sacrifice of animals, organs were find very well individualized without any 
adderences or alteration in color or in shape. Lesions were circumscribed only to the 
skin in the injection sites. Food and water intake was very similar in the liposomal 
injected groups and in untreated group of animals. 

All studied animals presented very low titters of antibodies (ranging from 1 to 7), 
which have been detectable only in 1 of the 5 animals immunized either with SA or PG 
containing liposomes and in 2 of the 5 animals immunized with PI containing 
formulation. These results show that liposomes of the studied compositions are 
practically nonimmunogenic and can be safely used as carriers for nonmacromolecular 
weight drugs, such as vidarabine, vidarabine monophosphate or any other vidarabine 
derivative. 
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In another study carried out in woodchucks, animals were injected intravenously 
daily for 5 consecutive days with an ARA-AMP liposomal formulation consisting of 
VET400 type liposomes of PC:CHOL:SA (10:5:3) lipid composition. Injected doses 
ranged from 0.07 to 0.14 mmol/kg, in terms of total lipid and from 2 to 4 mg/kg, in terms 
of drug. During the treatment and follow-up periods animals behave normally and no 
adverse effects were noticed. 



• Biodistribution of liposomal vidarabine monophosphate 

Biodistribution of a selected ARA-AMP liposomal formulation was studied in 
Wistar rats of 250-350 g of body weight. Liposomes (VET400) of lipid composition 
PC:CHOL:SA (10:5:3) were prepared as described previously using [ 3 H] ARA-AMP. At 
fixed times (15 min.; 1 hr.; 3 hr.) after the intravenous injection of the radiolabeled 
liposomes, radioactivities in the blood, liver, spleen and bone marrow were measured. 
ARA-AMP liposomal formulation affored high residence times of the drug in the 
bloodstream and a high drug delivery to the liver and spleen, avoiding, simultaneously, 
the bone marrow. In terms of injected dose, radioactivity in the blood was 32.8 ± 18.9 
% at 15 min., decreasing slowly during the time and being 16.2 ± 3.9 % at 3 hours. 
Accumulation in liver was maximum at 15 min. (21.2 ± 4.6 %). After this time, due to 
the high metabolic activity of this organ, the accumulated drug amount decreased but 
remained constant between 1 hour and 3 hours (13.7 ± 6.5 %) due to an equilibrium 
between the drug delivery and the metabolic activity. Accumulation of ARA-AMP was 
detected either in hepatocytes or in Kupffer cells. Endothelial cells did not contribute 
for the total liver uptake. Accumulation in spleen was lower than in liver and, because 
of the lower uptake capacity of this organ comparing to the liver, is only maximum at 1 
hour (8.8 ± 1.5%) remaining practically constant until 3 hours (7.7 ± 2.2 %). 
Acummulation in bone marrow was practically null being detectable only 0.5 % of the 
injected dose at 1 5 minutes and the same percentage at 3 hours. 

• Pharmacological activity of liposomal vidarabine monophosphate 

To evaluate the therapeutic efficacy of a selected vidarabine monophosphate 
liposomal formulation produced according to the present invention, an animal model of 
chronic hepatitis was set up using chronically infected woodchucks with woodchuck 
hepatitis virus (WHV). ARA-AMP liposomal formulation was constituted by VET400 
type liposomes of lipid composition PC:CHOL:SA (10:5:3). 
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Animals were injected intravenously with the formulation, as a bolus, for 5 
consecutive days at 24 hour intervals. Blood samples were drawn before, during and 
after the treatment. Bleeding was performed while woodchucks were under anesthesia 
induced with ketamine hydrochloride. WHV DNA was measured by dot-blot 
hybridization with 32 P-labeled nick-translated probe of a cloned whole WHV genome 
(a gift from Dr. J.L Gerin, Georgetown Univ., Maryland, USA), followed by an 
autoradiography. Five fold dilutions of all sera from a single treatment were assayed 
' and results were expressed as the reciprocal of the highest serum dilutions giving an 
autoradiographic signal. 

Pharmacological evaluation results showed that antiviral activity of ARA- 
-AMP was greatly improved by liposomal encapsulation. It was observed a clear 
reduction of WHV-DNA replication after treatment at a significantly lower dose 
compared to that of the free drug (Fig. 4). 

From the results it was concluded that pharmacological activity was greatly 
increased by vidarabine monophosphate liposomal formulations produced according to 
the present invention, confirming, their usefulness in a clinical setting. Thus, these 
formulations open a promising approach to circumvent inherent problems associated 
with the use of vidarabine in the therapy, by means of enhancing the concentration at 
the sites of action and reducing the therapeutic dose. 

Description of figures 

Fig. 1 

Shows the effect of lipid composition in ARA-AMP encapsulation in liposomes (DRV) 
Error bars indicate SD of at least three preparations. ARA-AMP/lipid initial molar ratio: 1/10. Total lipid 
concentration: 17 mM. Rehydration medium: deionized water. 

Fig. 2 

Shows the variation of encapsulation efficiency and ARA-AMP/Lipid final ratio as 
function of the drug/lipid initial ratio used. Liposomes (DRV) of PC:CHOL:SA (10:5:3) 
lipid composition were prepared using a concentration of total lipid of 17 mM. 

Fig. 3 

Shows the stability in saline, at 4°C under nitrogen, of a selected ARA-AMP liposomal 
formulation, composed by liposomes VET400 of PC:CHOL:SA (10:5:3) lipid 
composition. 

Fig. 4 

Shows the antiviral activity of free and liposomal ARA-AMP in woodchucks chronically 
infected with the woodchuck hepatitis virus. 
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CLAIMS 

1 . A process for preparing vidarabine (or vidarabine derivative) liposomal formulations 
suitable for administration to a mammal which comprises: 

- forming a multilamellar liposome vidarabine (or derivative) formulation from an 
aqueous solution and a lipid film mixture containing or not a component having 
an electric charge; 

- lyophiiizing the liposomal vidarabine (or derivative); 

- rehydrating the lyophilized liposomal vidarabine (or derivative) to a final 
physiologic osmolarity, first in a non-saline solution of approximately physiologic 
osmolarity; and 

- further rehydrating the liposomal vidarabine (or derivative) with a physiologically 
acceptable saline solution. 

2. The process according to claim 1, further comprising the step of sizing the 
rehydrated vidarabine (or vidarabine derivative) liposomal formulation by extrusion 
through a porous membrane. 

3. The process according to claim 2, wherein the vidarabine (or vidarabine derivative) 
liposomal formulation is extruded under pressure through 0.8 mm membrane. 

4. The process according to claim 2, wherein the vidarabine (or vidarabine derivative) 
liposomal formulation is extruded under pressure sequentially through 0.8 mm, 0.6 
mm and 0.4 mm membranes. 

5. The process according to claim 1 , wherein the resulting vidarabine (or vidarabine 
derivative) liposomal formulation is approximately 0.3 mm - 5.0 mm in diameter. 

6. The process according to claim 3 ; wherein the resulting vidarabine (or vidarabine 
derivative) liposomal formulation is approximately 0.3 mm - 0.7 mm in diameter. 

7. The process according to claim 4, wherein the resulting vidarabine (or vidarabine 
derivative) liposomal formulation is approximately 0.2 mm - 0.4 mm in diameter. 

8. The process according to claims 3 and 4, in which any vidarabine (or vidarabine 
derivative) not incorporated into the liposomes is removed before or after the 
extrusion step. 

9. The process according to claim 1 , in which the concentration of the lipid mixture in 
the lipidicfilm is 10 mM up to 100 mM. 

10. The process according to claim 9. in which the concentration of the lipid mixture in 
the lipidic film is 1 7 mM up to 85 mM. 
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11. The process according to claim 1, in which a lipid component of the lipidic film 
mixture having a charged molecule. 

12. The process according to claim 11, in which a lipid component of the lipidic film 
mixture having a positive charge and which is capable of interacting with vidarabine 
(or derivative) molecule. 

13. The process according to claim 11, in which a lipid component of the lipidic film 
mixture having a negative charge and which is capable of interacting with 
vidarabine (or derivative) molecule. 

14. The process according to claim 12, in which for the encapsulation of vidarabine 
monophosphate (ARA-AMP) the concentration of the positive molecule is at least 
5%. 

15. The process according to claim 14, in which for the encapsulation of vidarabine 
monophosphate (ARA-AMP) -the concentration of the positive molecule is 
approximately 17%. 

16. The process according to claim 1, in which the lipidic film mixture is comprised of, 
in a molar ratio ranging from 0.01 to 10: cholesterol (CHOL), phosphatidylcholine 
(PC), hydrogenated phosphatidylcholine (HPC), distearoylphosphatidylcholine 
(DSPC), sphingomyelin (SM), dioleolylphosphatidylcholine (DOPC), 
dioleoylphosphatidylglycerol (DOPG), phosphatidylglycerol (PG), 
dimirystoylphosphatidylcholine (DMPC), dipalmitoylphosphatidylcholine (DPPC), 
gangliosides, ceramides. phosphatidyiinositol (PI), phosphatidic acid (PA), 
dicetylphosphate (DcP) : dimirystoylphosphatidylglycerol (DMPG), stearylamine 
(SA) ; dipalmitoylphosphatidylglycerol (DPPG) and any other synthetic lipid. 

17. The process of claim 16, in which the lipidic film mixture is comprised of a 
glycerophospholipid selected from phosphatidylcholine, 
dimirystoylphosphatidylcholine, dipalmitoylphosphatidylcholine; a sterol, such as 
cholesterol, optionally present; and a charged molecule lipidic or not 
(phosphatidyiinositol, phosphatidylglycerol, stearylamine); with each component of 
the liposomal preparation when present in molar relative proportions of 40-70%, 
10-50% and 5-25%, respectively. 

18. The process according to claim 17, wherein, for the encapsulation of vidarabine 
monophosphate (ARA-AMP), the lipid components of phosphatidylcholine: 
cholesterol'.stearylamine are in a molar ratio of approximately 10:5:3. 
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19. The process according to claim 1, wherein the lyophilized liposomal vidarabine (or 
derivative) is rehydrated in a solution of dextrose, galactose, mannitol, sucrose or 
other sugar at sufficient concentration to maintain a physiologic osmolarity. 

20. The process according to claim 1, wherein the physiologically acceptable saline 
solution of the final rehydration step is the 0.9% NaCI solution. 

21. The process according to claim 1, wherein the aqueous solution used to form the 
multilamellar liposome vidarabine (or derivative) formulation contains a 
concentration of vidarabine, vidarabine monophosphate or another vidarabine 
derivative from 0.06 mg/ml to 6 mg/ml. 

22. The process according to claim 1, wherein the lipid film includees a derivative of 
vidarabine 

23. The process according to claim 21, wherein the vidarabine derivative is vidarabine 
monophosphate (ARA-AMP). 

24. The process according to claim 21, 22 and 23, characterized by producing 
vidarabine (or vidarabine derivative) liposomal formulations with an encapsulation 
efficiency up to 1 00 %. 

25. The process according to claim 24, characterized by producing vidarabine (or 
vidarabine derivative) liposomal formulations that exhibit a stability in saline at 4°C 
higher than 50% and maintain the liposome characteristics after 45 days of 
incubation. 

26. The process according to claims 1,2 and 8, further comprising the step of 
resuspending the liposomes in 10% sucrose or 10% trehalose solutions or another 
isotonic sugar solution after remotion of the extraliposomal drug. 

27. The process according to claim 26 further comprising the step of lyophilization of 
the liposomal suspension. 

28. The process according to claim 27, characterized by producing liposomal 
formulations that exhibit high stability in the lyophilized state in terms of liposome 
morphology and intraliposomal drug retention. 

29. The process according to claim 28, characterized by producing liposomal 
formulations that, upon reconstitution with sterile deionized water of lyophilized 
powder, stored under vacuum at 4°C for 1 year non significant changes of the 
liposome diameters are observed and more than 50% (for water soluble vidarabine 
derivatives) or at least 90% (for lipophilic derivatives) of the initially entrapped drug 
is in the liposomal form. 
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30. The process according to claim 23, in which the ARA-AMP liposomal formulations, 
when administered to a patient in nontoxic and nonimmunogenic. 

31. The process according to claim 23, in which the ARA-AMP liposomal formulations, 
when injected intravenously to a patient, prolong the residence time of the drug in 
the bloodstream. 

32. The process according to claim 23, in which the ARA-AMP liposomal formulations, 
when injected intravenously to a patient, accumulate mainly in liver (in a great 
extension) and spleen. 

33. The process according to claim 23, in which the ARA-AMP liposomal formulations, 
when injected intravenously to a patient, accumulate in hepatocytes and Kupffer 
cells. 

34. The process according to claim 23, characterized by producing ARA-AMP 
liposomal formulations with increased therapeutic index compared to free drug. 

35. The process according to claim 23 characterized by producing ARA-AMP liposomal 
formulations with enhanced therapeutic activity, when used in the treatment of type 
B chronic hepatitis or in other diseases in which they are therapeutically active, 
compared to free drug. 

36. A liposomal formulation suitable for administration to a mammal which comprises 
vidarabine, vidarabine monophosphate or another vidarabine derivative 
characterized by having a drug/lipid ratio of at least 5 mmol/mmol. 

37. The vidarabine (or vidarabine derivative) liposomal formulation according to claim 
36, wherein the liposomes range from 0.01 mm to 5.0 mm in diameter. 

38. The vidarabine (or vidarabine derivative) liposomal formulation of claim 36, wherein 
the lipid component is comprised of, in a molar ratio ranging from 0.01 to 10: 
cholesterol (CHOL), phosphatidylcholine (PC), hydrogenated phosphatidylcholine 
(HPC), distearoylphosphatidylcholine (DSPC), sphingomyelin (SM), 
dioleolylphosphatidylcholine (DOPC), dioleoylphosphatidylglycerol (DOPG), 
phosphatidylgiycerol (PG), dimirystoylphosphatidylcholine (DMPC). 
dipalmitoylphosphatidylcholine (DPPC), gangliosides, ceramides, 
phosphatidylinositol (PI), phosphatidic acid (PA), dicetylphosphate (DcP), 
dimirystoylphosphatidylglycerol (DMPG), stearylamine (SA), 
dipalmitoylphosphatidylglycerol (DPPG) and any other synthetic lipid. 

39. The vidarabine (or vidarabine derivative) liposomal formulation of claim 36, wherein 
the lipid component is comprised of a glycerophospholipid selected from 
phosphatidylcholine, dimiristoylphosphatidylcholine, 
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dipalmitoylphosphatidylcholine; a sterol, such as cholesterol, optionally present; 
and a charged molecule lipidic or not (phosphatidylinositol, phosphatidylglycerol, 
stearylamine); with each component of the liposomal preparation when present in 
molar proportions of 40-70%, 10-50% and 5-25%, respectively. 

40. The liposomal formulation of claim 39, wherein, for the encapsulation of vidarabine 
monophosphate (ARA-AMP), the lipid component is comprised of 
phosphatidylcholine:cholesterol:stearylamine in molar relative proportions of 40- 
70%, 10-50% and 5-25%, respectively. 

41. The liposomal formulation of claim 40, wherein, for the encapsulation of vidarabine 
monophosphate (ARA-AMP), the lipid components of phosphatidylcholine: 
cholesterol: stearylamine are in a molar ratio of approximately 10:5:3. 

42. The liposomal formulation of claim 40, wherein the concentration of the positive 
molecule (in terms of molar relative lipid proportions) is at least 15%. 

43. The vidarabine (or vidarabine derivative) liposomal formulation of claim 36, having 
approximately physiological osmolarity. 

44. The vidarabine liposomal formulation according to claim 36, in which the vidarabine 
derivative is vidarabine monophosphate (ARA-AMP). 

45. The vidarabine (or vidarabine derivative) liposomal formulation according to claims 
36-44, which is nontoxic and nonimmunogenic. 

46. The vidarabine (or vidarabine derivative) liposomal formulation according to claims 
36-44 r characterized by an increased residence time in bloodstream, compared to 
free drug. 

47. The vidarabine (or vidarabine derivative) liposomal formulation according to claims 
36-44, characterized by accumulation mainly in liver (in a great extension) and in 
spleen. 

48. The vidarabine (or vidarabine derivative) liposomal formulation according to claims 
36-44, characterized by an high accumulation of drug in the liver and spleen 
compared to free drug. 

49. The vidarabine (or vidarabine derivative) liposomal formulation according to claims 
36-44, characterized by producing lower levels of drug in bone marrow compared 
to free drug. 

50. The vidarabine (or vidarabine derivative) liposomal formulation according to claims 
36-44, characterized by accumulation in hepatocytes and Kupffer cells. 
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51. The vidarabine (or vidarabine derivative) liposomal formulation according to claims 
36-44, characterized by an high accumulation of drug in the fiver cells compared to 
free drug. 

52. The vidarabine (or vidarabine derivative) liposomal formulation according to claims 
36-44, characterized by having an increased therapeutic index compared to free 
drug. 

53. The vidarabine (or vidarabine derivative) liposomal formulation according to claims 
36-44, characterized by having an enhanced therapeutic activity, when used in the 
treatment of type B chronic hepatitis or in other diseases in which they are 
therapeutically active, compared to free drug. 

54. A vidarabine (or vidarabine derivative) liposomal formulation according to any of 
the claims 36 to 44 when prepared by a process according to any of claims 1 to 35. 

55. Utilization of liposomal formulations according to claim 54, for treating an infection 
in an animal, wherein a therapeutically effective amount of a vidarabine (or 
vidarabine derivative) liposomal formulation, prepared by a process according to 
any of claims 1 to 35, is used. 
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